The operation of the SLAC two-mile linear accelerator in the single pass collider mode will be computer controlled. Mathematical models will be used in the control program to set up and restore the beam optics and to correct orbits. Some of the requirements imposed upon the on-line model calculations and the ways to satisfy these requirements will be described in this paper. Introduction
Introduction
The proposed single pass SLAC Linear Collider (SLC) will be operated under computer control. One of the main components in SLC that needs computer control will be the SLAC linear accelerator (linac). The computer control of the linac involves the following steps: choice by the user of the lattice-parameters to be controlled; on-line calculation of the control-parameters corresponding to desired values of the lattice-parameters; setting of the power supply currents automatically to the set-point values. These steps are to be used also for the computer control of other SLC components such as the damping storage rings and the transport beam lines. In general, the control-parameter values are to be computed from mathematical models which have been made to represent the various components; they are solutions to a set of equations which are usually nonlinear and are solved numerically on-line during machine operation. The machine operator can enter the values of the machine-parameters desired and the control program will solve these equations for the control-parameter values corresponding to these machine-parameters. Since the actual machine-parameters are not directly controlled by this procedure, the performance of the machine is strongly influenced by the precision of the models. Hence, model making is a very important part of the design of a control program.
We have developed models for determining the control-parameter values which match the envelope of the beam at injection, focus the beams transversely along the linac, correct the central orbits and compensate the effects due to the failure of a klystron. We will need many more models for the other SLC components besides the linac. In this paper, we will describe some of the linac operating conditions required for SLC, how these requirements are incorporated into the models and how the models are integrated into the control program. This paper may facilitate the work required in the model development for other SLC components.
The Beam Matrix
We consider the basic elements in the linac lattice to be drift spaces, accelerator sections and quadrupole magnets. As a first approximation, the behavior of the beam is represented by the (symmetric) beam sigma matrix a, which satisfies the condition2 a = R Ho R, where R is the transfer matrix from point o to the observation point and R is the transpose of R. The particle motion is given by the vector (x,x',y,y'). For the case of uncoupled x and y motions, we have two symmetric 2x2 ma- A procedure for setting up the lattice configuration will now be described. This procedure will be valid so long as the relative energy change per cell is small. The lattice configuration is defined by the betatron phase shifts per cell, AIx and AIPy. Let k denote the strength of a quadrupole (integrated gradient/magnetic rigidity) and let the beginning of a given sector 
where the invariant emittance cE has been normalized arbitrarily to unity. Matching is achieved by adjusting the strength of the four quadrupoles kl, k2, k3, and k4
in the matching cell such that the a matrix at the end of this sector is equal to the a matrix at the beginning of tlIe next sector, i.e., 40 degrees/cell at the end of the linac sincE we will be limited by the maximum current of the magnet power supplies.
A special scheme has been developed to be used for launching the beam from the linac injector into sector 2, where the injection system and extraction system for the damping rings are to be located. Tests to measure the wakefield effects in sector 1 are being conducted.
For these tests the beam matrix is measured at the beginning of sector 1 and we adjust the strength of the quadrupoles in the first half of the sector 1 such that the beam matrix at the end of the sector is equal to the desired value at the beginning of sector 2. This scheme has been incorporated into the control program for the sector 1 test.
Orbit Correction
In order to suppress the generation of transverse wakefields it is important that the trajectories of simultaneous beams of electrons and positrons passing through the lattice be well centered. Within each quadrupole there is a beam-position monitor to measure the positions of the electron beam and of the positron beam separately. Each quadrupole has trim windings that can be used to make a magnetic dipole field in any direction perpendicular to the linac axis. There are two possible causes for trajectory errors: static fields (due to quadrupole misalignments) which deflect positrons and electrons in opposite directions; rf fields (due to a tilted linac girder or to an asymmetry in the waveguide-end couplers) which deflect positrons and electrons in the same direction. It is possible to simultaneously correct the trajectory distortions caused by both sources of error with the static dipole windings on the quadrupoles.
We have made a computer model of the linac lattice with thin-lens elements according to the scheme described in the preceding section. This model has been used to study the trajectory correction problem. We model the rf error deflections by giving the beam a single random kick at the center of each 12.34 meter girder, the same point at which the acceleration has been introduced. The static error problem has been modeled by introducing a random displacement of each thin-lens quadrupole, and another random displacement of each position monitor. We have chosen the following distributions for random errors for our study. Quadrupole displacements and beam-position-monitor errors have been uniformly distributed between -.1 and +.1 mm.
The rf kicks are uniformly distributed between -3 x 10-5 and +3 x 10-5 GeV/c and are assumed to be centered in each girder. This distribution is consistent with measurements which have been made on the linac.
Our correction scheme is as follows. Let the cor- If we group the constants Ci. and C.. to form two M xN matrices C+ and C-, and group xt and xi to form two Mdimensional vectors x+ and x-, the solution for 0 which minimizes S is given by the following expression-: 
